Reference strains and clinical isolates of Peptococcus and Peptostreptocococcus spp. were evaluated for their growth response in supplemented thioglycolateyeast extract media. Supplements used included various combinations of hemin, menadione, sodium bicarbonate, and Tween 80. Parallel studies were done to compare the efficiency of recovery of viable cells grown in thioglycolate-based media and Wilkins-Chalgren broth and agar. In addition, the effects of age of the medium and medium storage on viable cell yields for reference strains were determined. Reference strains grown in freshly prepared thioglycolate-yeast extract medium supplemented with sodium bicarbonate produced a 10-fold greater increase in the number of viable cells recovered after 24 h of incubation than did the same organisms cultivated in Wilkins-Chalgren medium. The efficiency of recovery of organisms when either mid-logarithmic-or mid-stationary-phase cells were used to prepare standardized inocula was similar. The results suggest that thioglycolate-yeast extract medium supplemented with sodium bicarbonate is more productive than WiLkins-Chalgren medium for the cultivation of anaerobic gram-positive cocci and may represent a suitable alternative for antimicrobial susceptibility testing of these organisms.
Many reports on the effects of oxygen on the growth of anaerobes (1, 6, 12) , hemin and carbon dioxide requirements (3, 4, 8, 10, 13) , various reducing agents, and different medium formulations (5, 7, 9, 10) are available. However, current literature on the efficiency of recovery of individual strains of anaerobic gram-positive cocci with standardized inocula and cultivation conditions, as well as various medium formulations, is lacking.
This research was undertaken initially to provide information on the antimicrobial susceptibility patterns of anaerobic gram-positive cocci cultivated under standardized conditions. However, only minimal cell yields were obtained in preliminary growth experiments. Therefore, efforts were directed at investigating the effects of Wilkins-Chalgren (WC) agar and broth and supplemented thioglycolate-based media on the efficiency of recovery of cells. In addition, holding and storage conditions of media and age of the inoculum were studied. The results of these efforts are reported here. (iv) Efficiency of recovery of reference strains from WC broth. TYS was first inoculated with each of the reference strains and incubated until the midlogarithmic phase of growth. Cells were harvested and washed three times in sterile saline. Standardized suspensions were made as before and inoculated into freshly prepared WC broth (7) . After 24 h of incubation, samples were removed, and portions from suitable dilutions were dispensed into sterile plastic petri dishes. Freshly prepared WC agar (Difco Laboratories, Detroit, Mich.) was added. After solidification, plates were incubated for 48 h before colony counts were made. For comparative purposes, the same protocol was followed when freshly prepared TYS and TYS agar were used. This experiment was repeated three times.
(v) Evaluation of refrigerator storage of media on the efficiency of recovery of reference strains. The efficiency of recovery of reference strains from WC agar and broth was evaluated by preparing enough media for 15 days of testing and inoculating both media on the day of preparation (day 0) with standardized suspensions of washed, mid-logarithmic-phase cells of each strain. Pour plates were made after 24 h of incubation with fresh WC agar and counted for CFU per milliliter after 48 h of incubation. This protocol was repeated daily for 15 consecutive days with media which had been stored in GasPak jars at 4°C. An identical procedure was followed in a parallel experiment except that freshly prepared WC agar and broth were used for comparative purposes. Two repetitions of this experiment were completed.
RESULTS
Results of early experiments with standardized inocula indicated that the recovery of reference strains was poor after 24 h of incubation in TYHMS which had been stored at 4°C for more than 8 h after preparation. In addition, TYHMS agar which had been stored at 4 or 22°C, regardless of time, and remelted before inoculation was incapable of supporting growth of the strains used. Because we were interested in performing growth studies over prolonged times, we wanted to evaluate the effect on the RECOVERY OF ANAEROBIC GRAM-POSITIVE COCCI efficiency of recovery of cells of TYHMS agar which was held in a water bath at 53 ± 2°C during these studies. For comparative purposes, a parallel study in which freshly prepared TYHMS agar was used at each sampling time was done (Table 1) . We did not attempt to determine the reason for the difference in growth-promoting abilities of the fresh versus aged media.
It was noted that P. productus was the only reference strain to be stimulated by medium supplementation. In fact, the average range of CFU per milliliter for this organism in TY, TY with Tween 80, TY with hemin, and TY with hemin and menadione was 1.1 x 105 to 1.9 x 105, whereas that in TYHMS and TYS was 4.6 x 107 to 5.3 x 107. To determine whether this result was dependent on a pH effect or on something else, we inoculated standardized suspensions of P. productus into TYS at pH 7.2 and 7.6 and into TY with 1 N sodium hydroxide at pH 7.2 and 7.6. After 24 h of incubation, portions were removed and diluted. Colony counts were made after suitable incubation of pour plates. The average CFU per milliliter in TYS at both pH levels was 1.5 x 107, whereas the CFU per milliliter in the TY with 1 N sodium hydroxide at both pH levels was 3.0 x 105. After 24 h of incubation in broth, pH values of the spent media were 6.0 for TYS and 6.9 for TY with 1 N sodium hydroxide. All subsequent growth studies were performed with TYS to ensure adequate recovery of all reference strains.
The efficiency of recovery of cells from TY with Tween 80 was not different from that from TYS for reference strains other than P. productus. It was interesting to note, however, that colonies produced on TY with Tween 80 agar were two to three times larger than usual for the Peptococcus species, whereas colonies produced by the Peptostreptococcus species were much smaller than usual.
Analysis of growth curves revealed that Peptococcus species required 12 + 0.16 h to reach the mid-logarithmic stage of growth, whereas Peptostreptococcus species required 10 + 0.52 h. To reach the mid-stationary phase of growth, Peptococcus species required 24 + 0.82 h, whereas Peptostreptococcus species required 18 ± 0.61 h. We found no significant difference in the number of CFU per milliliter recovered for the reference strains after 24 h of incubation when either mid-logarithmic-or mid-stationaryphase inocula were used.
To compare the relative productivity of TYS and WC broth for the cultivation of reference strains, we carried out a parallel study using freshly prepared media of both formulations at each sampling time. Clearly, the recovery of cells was better with TYS (Table 2) . However, as previously mentioned, refrigerator storage of this medium destroys its growth-promoting abilities. A study was designed to compare the efficiency of recovery of cells from freshly prepared and stored WC agar and broth. The storage conditions were the same as those used for TYS. A decrease of 1 log unit of cell recovery for each test strain resulted when WC agar which had been stored for 6 days and WC broth which had been stored for 4 days were used, as compared with cell recovery when fresh media were used.
Because TYS was superior to WC agar and broth in the efficiency of recovery of reference strains used, we were interested in determining whether clinical isolates would respond in the same way with cultivation conditions identical to those used for the reference strains. Viable Supplementation of TY appears unnecessary, with the exception of stimulation of growth of P. productus by sodium bicarbonate. Because this organism is rarely encountered in clinical laboratories, the need for sodium bicarbonate supplementation of TY is questionable. Preparation of TY for use in the recovery of anaerobic gram-positive cocci would be easily accomplished in most laboratories with commercially available materials.
Recently, the National Committee for Clinical Laboratory Standards proposed a procedure for susceptibility testing of anaerobes with WC agar (7) . Our data show that for anaerobic grampositive cocci, TY results in more efficient recovery than that resulting from WC agar or broth. Because WC broth is not yet commercially available and because agar dilution procedures are cumbersome, it is recommended that, for ease of handling, TY is more efficient with Peptococcus and Peptostreptococcus species.
